Mechanism of peroxide-induced cellular injury in cultured adult cardiac myocytes.
Reactive oxygen species contribute to the tissue injury seen after reperfusion of ischemic myocardium. We propose that toxicity originates from the effect that mitochondrial peroxide metabolism has on substrate entry into oxidative pathways. To support our contention, cultured adult rat cardiomyocytes were incubated with physiological concentrations of peroxide. The cellular extract and incubation medium were analyzed for adenine nucleotides and purines by reverse-phase high-pressure liquid chromatography. Cellular glutathione efflux was determined by enzymatic analysis of the incubation medium. Pyruvate dehydrogenase (PDH) activity was determined in the cultured myocytes as well as in freshly isolated cardiac mitochondria using [1-C14]pyruvate. Extracellular glutathione rose 3.3-fold in response to small doses of peroxide (approximately 108 nmol/mg protein). Likewise, small quantities of peroxide reduced total cellular adenine nucleotides to 50-60% of control values with only a modest (0.95-0.91) reduction in energy charge [ATP + 1/2 ADP)/(ATP + ADP + AMP]. Peroxide-treated myocytes selectively release inosine and adenosine, as only these two purine degradation products were detected in the incubation medium. The most dramatic response was a peroxide dose-dependent inhibition of PDH activity in cultured myocytes as well as freshly isolated mitochondria; just 65 and 30 nmol peroxide/mg protein induced a 50% reduction in cellular and mitochondrial PDH activity, respectively. In conclusion, physiological quantities of peroxide potently inhibit PDH in cultured cardiomyocytes and isolated cardiac mitochondria. PDH inhibition blocks the aerobic oxidation of glucose and inhibits the oxidative phosphorylation of ADP, which in turn leads to cellular adenine nucleotide degradation.